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TITLE OF THE INVENTION 

PRINTED WIRING BOARDS 
AND METHODS FOR MAKING THEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This specification is a continuation-in-part of (1) U.S. Ser. 

No. 09/527,706, filed March 17, 2000, now pending, which is a 
continuation-in-part of (2) U.S. Serial No. 08/975,613, filed November 21, 
1997, now U.S. Patent No. 6,171,468, which is a continuation-in-part of (3) 
U.S. Serial No. 08/471,871, filed June 7, 1995, now U.S. Patent No. 
5,690,805, which is a continuation-in-part of (4) U.S. Serial No. 
08/340,849, filed November 16, 1994, now abandoned, which is a 
continuation-in-part of (5) U.S. Serial No. 08/232,574, filed May 3, 1994, 
now U.S. Patent No. 5,476,580, which in turn is a continuation-in-part of 
(6) U.S. Serial No. 08/062,943, filed May 17, 1993, now U.S. Patent No. 
5,389,270. Other related applications are U.S. Serial No. 08/477,452, filed 
June 7, 1995, now abandoned, and U.S. Serial No. 08/486,331, filed June 7, 
1995, now U.S. Patent No. 5,725,807. The entire specification and all the 
claims of each prior patent application and patent referred to above are 
hereby incorporated by reference to provide continuity of disclosure. 
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STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

[0003] The present invention is directed to printed wiring boards 

having recesses, or other non-conductive surfaces, made electrically 
conductive by applying a coating containing carbon, preferably graphite, to 
an initially nonconductive through hole or other surface. 
[0004] The prior art, for example U.S. Patent No. 3,224,986, 

discloses water-insoluble, water-insensitive polymers made by (1) forming 
a polyamide, (2) reacting the polyamide with epichlorohydrin to make a 
cationic, water-soluble, thermosetting resin; and (3) reacting the resin with a 
water-soluble polymer, such as carboxymethylcellulose or others, in water 
at a low pH. Related disclosure may be found in U.S. Patent Nos. 
3,658,873; 3,049,469; 3,962,159; 3,917,894; 4,037,017; 4,152,199; 
2,926,116; 2,926,154; 3,332,834; 3,592,731; and 3,763,060. All the patents 
listed in this paragraph are hereby incorporated by reference. These patents 
assert that various polysaccharides, such as starches and 
carboxymethylcellulose, react with polyamide-epichlorohydrin resins to 
form water-resistant coatings. 

[0005] Additional background information about conductive 

coatings for through holes may be found in U.S. Patent No. 5,690,805. That 
patent is hereby incorporated by reference in the present disclosure. 

SUMMARY OF THE INVENTION 

[0006] One aspect of the present invention is a method of applying 

an electrically conductive carbon coating to a non-conductive surface. 
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[0007] A substrate is provided having at least one non-conductive 

surface. An example of such a substrate is the wall of a through hole or via 
drilled or otherwise formed in the non-conductive substrate for a printed 
wiring board. 

[0008] A conditioning agent is provided. The preferred 

conditioning agent contains a substantive cationic conditioner, for example, 
a polyamide, more preferably a polyamide epichlorohydrin resin in one 
embodiment of the invention. 

[0009] A liquid dispersion of electrically conductive carbon 

including a water-dispersible binding agent is also provided. The carbon 
dispersion has a mean particle size no greater than about 50 microns. The 
carbon particles in the dispersion preferably have a mean particle size of not 
greater than about 1 micron, particularly for a graphite coating. 
[0010] The nonconductive surface to be made electrically 

conductive is first contacted with the conditioning agent to apply a film of a 
cationic substantive conditioner on the nonconductive surface. The carbon 
dispersion is applied to the conditioned surface in an amount and under 
conditions effective to form a substantially continuous, electrically 
conductive carbon coating. 

[0011] Next, the conductive carbon coating is fixed on the 

(formerly) nonconductive surface by applying an aqueous acid. ("Fixing" is 
defined below in the detailed description.) Typically, fixing is carried out 
after the carbon dispersion is applied, without drying the carbon coating 
first. The fixing process removes excessive carbon composition deposits, 
and thus smooths the carbon coating on the recess surfaces by eliminating 
lumps and by making the coating more uniform and adherent. 
[0012] As used herein, a "uniform" coating is one essentially free of 

excess conductive coating composition build-up, particularly at the opening 
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or openings of a recess, so the coating has a substantially uniform thickness 
at the mouth and in the interior of the recess, as viewed under a 50x 
magnification of a cross-section of a recess after plating. Graphite and 
carbon black are referred to in this specification either together or separately 
as "carbon." A non-conductive surface can be any surface that does not 
conduct electricity to the necessary or desired degree for some practical 
application. 

[0013] Another aspect of the invention is a printed wiring board. 

The printed wiring board includes at least two conductive circuit layers 
separated by nonconductive material. At least one recess in the 
nonconductive material has a nonconductive surface intersecting at least 
two of the conductive circuit layers. 

[0014] An electrically conductive coating is provided on the 

nonconductive surface. This coating includes electrically conductive 
carbon having a mean particle size not greater than about 1 micron and a 
water-dispersible organic binding agent. The coating is electrically 
conductive, allowing electrical current to flow between the two conductive 
circuit layers. The conductive carbon coating can optionally be 
electroplated to provide a surface at least substantially free of visible voids. 
The electroplated surface can optionally be soldered to form electrical 
connections between the conductive circuit layers and the leads of electrical 
components, which is the typical construction of a complete printed wiring 
board. 

DETAILED DESCRIPTION OF THE INVENTION 
[0015] While the invention will be described in connection with one 

or more preferred embodiments, it will be understood that the invention is 
not hmited to those embodiments. On the contrary, the invention includes 
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all alternatives, modifications, and equivalents as may be included within 
the spirit and scope of the appended claims. 

[0016] In one embodiment of the method according to the present 

invention, an originally non-conductive surface is cleaned, conditioned, 
treated with a conductive carbon composition, the carbon composition is 
optionally fixed, and the carbon composition is dried to form an electrically 
conductive coating. The materials and steps used in this preferred 
embodiment are set out below in more detail. 

NONCONDUCTIVE SURFACE 

[0017] The nonconductive surface can be any material that does not 

conduct electricity well, or at all. An example of a suitable nonconductive 
surface is a resin-glass fiber composite board of the type conventionally 
used as a printed wiring board. Further examples of suitable nonconductive 
surfaces are the walls of a through hole or via that has been drilled, ablated 
by application of laser energy, or built up by an additive process. Another 
example of a suitable nonconductive surface is a glass surface, such as the 
glass envelope of a television tube, video monitor, or similar device, or a 
sheet of window glass. Still another example of a suitable nonconductive 
surface is a polymer or glass/polymer composite surface, such as the face of 
a printed wiring board. Many other suitable nonconductive substrates are 
well known to those skilled in the art. 
CLEANER/CONDITIONER 

[0018] Commonly, the first step of the present process is cleaning 

the substrate that is to be plated. In the cleaning step, the substrate is 
thoroughly wetted and contaminants such as grease, oil, or dirt are removed 
fi-om the substrate that is to receive plating. 
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[0019] Commonly, the next step is a conditioning step, during 

which the substrate is contacted with a conditioning agent. The 
contemplated conditioning agent is a substantive material, commonly a 
cationic material such as a polyamidoamine, a cationic polymer, a cationic 
surfactant, or the like. The conditioning agent is applied as an adhesion 
promoter so the substrate will be attractive to the anionic particles of carbon 
that are later applied by contacting the substrate with a carbon dispersion. 
[0020] The conditioner can be an alkaline aqueous solution or 

dispersion of a base and a conditioning agent. The useful conditioning 
agents include those selected from the group consisting of: 

SANDOLEC CF 
SANDOLEC CU 
SANDOLEC CS 
SANDOLEC CL 
SANDOLEC CT 
CALLAWAY 68 18 
CYASTAT SP 
CYASTAT LS 
CYASTAT SN 
CYANAMERA-370 
MAGNIFLOC 496 

DAXAD CP2 
PRIMAFLO C C3 
CAT-FLOC 
CAT-FLOC T 
RETEN210 
POLYTEC 7M 
PERCOL 727 
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PERCOL 763 

OCTOPOL SDE-25 

OCTOPOL SDM-40 

GLO-CLEAR2202 

GLO-CLEAR2220 

GLO-CLEAR2283 
PRIFRAC 2990 
ALUBRAFSOFT OSS 
FfflRABON 35 
DENSEFLOC 30 

CALLAWAY 6817 

CALLAWAY 6831 
and combinations of those conditioners. A preferred conditioning agent is 
made from any of the CALLAWAY or S ANDOLEC materials, used alone 
or in combination to provide polyamide epichlorohydrin resins. Examples 
of these materials are CALLAWAY 6818 polyamide epichlorohydrin resin, 
available from Callaway Chemical Co., Columbus, Georgia, or 
SANDOLEC CF, available from Clariant Corp., Charlotte North Carolina. 
[0021] The bases contemplated here include lower alkanol amines 

(lower alkanol being defined as 1- to 4-carbon alcohol moieties), such as 
ethanolamines, for example mono-, di- or triethanolamine; alkaline 
materials generally, such as alkali metal hydroxides, carbonates, and 
bicarbonates, for example potassium hydroxide, carbonate, or bicarbonate; 
other materials capable of raising the pH of the composition, preferably to 
at least about 9; and mixtures of such materials. 

[0022] A representative formulation for a conditioner is from about 

5-30 parts by weight of a base as previously defined, from about 5 to about 

90 parts by weight of a conditioning agent selected from the preceding list. 
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and sufficient deionized water to make 1,000 parts by weight of the 
complete conditioner. 

[0023] Optionally, 0.5 to about 5 parts by weight of an alkylene 

glycol can be added to the conditioner composition. The alkylene glycols 
contemplated herein include 1- to 4-carbon alkylene glycols and their 
dimers and oligomers. Specific alkylene glycols contemplated herein 
include ethylene glycol, propylene glycol, butylene glycols, diethylene 
glycol, triethylene glycol and mixtures of such materials. 
[0024] Optionally from about 0.5 to about 5 parts by weight of a 

chelating agent may be added to the conditioner composition. The chelating 
agents contemplated herein include alkali metal salts of 
ethylenediaminetetraacetic acid (EDTA), for example, sodium EDTA 
(Na4EDTA). Other suitable chelating agents may also be readily found by 
one of ordinary skill in the art. 

[0025] Optionally, particularly if the base employed is an alkali 

metal salt, a buffer may be added to the composition. Adding a carbonate- 
bicarbonate buffer to the conductive composition can provide a pH in the 
preferred range. The use of other pH buffering systems, such as phosphate, 
acetate, borate, barbital, and the like, are well knoAvn in the art. The anions 
of the buffer may be associated with any suitable cation, such as an alkali 
metal cation, such as sodium, potassium, or lithium, or an ammonixmi 
cation. 

[0026] The cleaning step may optionally be combined with the 

conditioning step, by formulating a single cleaner/conditioner composition 
that both cleans and conditions the substrate at the same time. 
[0027] Cleaning compositions, conditioning compositions, and 

cleaner/conditioner compositions contemplated for use in the invention are 
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described in detail in U.S. Patent No. 5,725,807, which has been 
incorporated by reference, and in material incorporated therein by reference. 

RINSING 

[0028] Rinsing steps are optionally added between various reagent 

baths to prolong the life of the subsequent reagent baths. Typically, the 
rinsing medium is plain or deionized water. For example, if cleaning and 
conditioning steps are separately carried out, it is common to insert a water 
rinse step between the cleaning and conditioning steps. Rinsing steps are 
also commonly used after conditioning the substrate and after microetching 
(if microetching is carried out). 

[0029] Water rinsing may be carried out by flooding, dipping, or 

spraying, as appropriate, and can be carried out at a temperature the same as 
one of the temperatures at which the preceding or following steps are 
carried out, at an intermediate temperature (to provide a temperature 
transition), or at a different temperature (most simply, at room temperature). 
The rinsing time may vary ~ 1-2 minutes at room temperature is a common 
rinsing time. Rinsing may be more or less aggressive. More aggressive 
rinsing may be carried out with mechanical scrubbing or by means of a 
high-pressure spray. Less aggressive rinsing may constitute merely soaking 
the substrate in the rinsing medium without mechanical action. 

CARBON DISPERSION 

[0030] Another step in the process is application of a conductive 

carbon dispersion. A detailed description of the ingredients of the dispersion 
and how it is made and used follows. Additional disclosure is provided from 
page 14, line 9, to page 58, line 9, of U.S. Serial No. 08/471,871, filed June 
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7, 1995, now U.S. Patent No. 5,690,805. That text is hereby incorporated 
by reference in the present disclosure. 

[0031] One component of the present conductive compositions is 

electrically conductive carbon, for example, carbon black, graphite, or 
combinations of the two. 

[0032] The electrically conductive carbon particles should be 

present in an amount effective to provide an electrically conductive coating 
when the composition is applied to a substrate. The carbon may be present 
as from about 0.1 to about 20% by weight, alternatively from about 0.5 to 
about 10% by weight, alternatively from about 1% to about 7% by weight, 
alternatively from greater than about 4% to about 6.5% by weight of the 
composition. 

[0033] The carbon may have a mean particle size within the range 

from about 0.05 to about 50 microns, alternatively from about 0.3 to 1.0 
microns, alternatively from about 0.7 to about 1.0 microns. From the 
perspective of performance and ease of dispersion, particles from the 
smaller end of the size range are preferred. However, smaller particles, 
particularly graphite particles, are more costly. The inventors have found it 
unnecessary to obtain graphite having mean particle sizes substantially less 
than one micron, contrary to the conventional belief that extremely fine 
graphite is necessary. 

[0034] The carbon black useful herein can be substantially as 

described in U.S. Patent No. 5,139,642. The carbon black description of 
that patent is hereby incorporated herein by reference in its entirety. 
[0035] The graphite usefixl herein can be substantially as described 

in U.S. Patent No. 5,139,642. The graphite description of that patent is 
hereby incorporated herein by reference in its entirety. In the present 
compositions, the graphite may be either synthetic or naturally occurring. 
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Aqueous dispersions of carbon black or graphite are well known in the art 
and in related arts, such as lubricating compositions and conductive 
coatings for other purposes. 

[0036] Another component of the present compositions is a water 

soluble or dispersible binding agent for binding the carbon particles. The 
binding agent is believed to assist the dispersed carbon particles in adhering 
to the surface of the non-conductive (i.e., dielectric) substrate, which is to 
be made conductive for electroplating. The binding agent should be present 
in an amount effective to bind the carbon particles to a substrate. The 
binding agent may be present as from about 0.05% to about 15% by weight, 
or from about 0.2 to about 10% by weight, or from about 0.5% to about 6% 
by weight, or from about 1.5% to about 3% by weight, of the composition 
for binding to the carbon particles. 

[0037] The binding agent is preferably any natural or synthetic 

polymer, polymerizable monomer, or other viscous or solid material (or 
precursor thereof) that is capable of both adhering to the carbon particles 
and of receiving an anionic dispersing agent (as described below). 
Ahematively or additionally, the binding agent can be capable of dispersing 
the carbon particles to which it adheres in the aqueous medium of the 
dispersion. 

[0038] For example, the binding agent may be a water-soluble or 

water dispersible material selected from the group consisting of mono- and 
polysaccharides (or, more broadly, carbohydrates) and anionic polymers. 
Polysaccharide (which for the present purpose includes disaccharide and 
higher saccharide) binding agents contemplated for use herein include com 
starch, other starches, and polysaccharide gums. Polysaccharide gums 
contemplated for use herein include agar, Arabic, xanthan (for example, 
KELZAN industrial grade xanthan gum, available from the Kelco Div. of 
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Merck & Co, Inc. of Rahway, New Jersey), pectin, alginate, tragacanath, 
dextran, and other gums. Derivative polysaccharides contemplated for use 
herein include cellulose acetates, cellulose nitrates, methylcellulose, and 
carboxymethylcellulose. Hemi-cellulose polysaccharides contemplated for 
use herein include d-gluco-d-mannans, d-galacto-d-gluco-d-mannans, and 
others. 

[0039] Anionic polymers contemplated herein include the 

alkylcelluloses or carboxyalkylcelluloses, their low- and medium-viscosity 
alkali metal salts (e.g. sodium carboxymethylcellulose, or "CMC"), 
cellulose ethers, and nitrocellulose. Examples of such anionic polymers 
include KLUCEL hydroxypropylcellulose; AQUALON CMC 7L sodium 
carboxymethylcellulose, and NATROSOL hydroxyethylcellulose. These 
are all commercially available from Aqualon Company of Hopewell, VA. 
Anionic polymers contemplated herein further include ethylcellulose, 
available from Hercules of Wilmington, Delaware; METHOCEL cellulose 
ethers, available from Dow Chemical Co., Midland, Michigan; and 
nitrocellulose, which is also available from Hercules. 
[0040] Two specific binding agents contemplated here are starch or 

an alkali metal carboxymethylcellulose. 

[0041] As is plain from the foregoing and the fiirther disclosure 

incorporated by reference above, organic binding agents are preferred, 
although inorganic binding agents are also contemplated for use herein. 
[0042] A practical upper limit to the amount of binding agent used 

is contemplated to be that amount which materially interferes with the 
conductivity of the resulting conductive coating by diluting the conductive 
solids in the composition after it is deposited as a film and dried. 
[0043] Another component of some of the present compositions is 

an anionic dispersing agent. The anionic dispersing agent has a molecular 
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weight less than about 1000 Daltons (one Dalton is 1/16 of the atomic 
weight of an oxygen atom), so it is a substantially smaller molecule than the 
binding agent. Anionic dispersing agents are specified in more detail in the 
patents incorporated by reference in the Cross Reference section above. 
[0044] An optional component of some of the compositions of the 

present invention is a surfactant. One function of the surfactant is to 
decrease the surface tension of the aqueous dispersing medium, so the 
aqueous dispersing medium containing the dispersed carbon particles is able 
to freely penetrate into the recesses. A second function of the surfactant is 
to wet the surfaces of the polymeric and glass substrates. This facilitates the 
coating of these surfaces with the carbon dispersion. 
[0045] The amount of surfactant that is used in any particular case 

will vary depending upon the surfactant itself. The composition typically 
contains fi-om about 0.01% to about 10% by weight, or from about 0.02% to 
about 3% by weight, or from about 0.05% to about 1% by weight of the 
composition, of the surfactant. 

[0046] Suitable sxirfactants for use in the present invention include 

TRITON X-100, sold by Rohm and Haas Co., Philadelphia, Pennsylvania; 
MAPHOS 56, sold by Mazer Chemicals, Inc.; TAMOL 819L-43, 850, and 
960 anionic surfactants, available from Rohm and Haas Co., Philadelphia, 
Pennsylvania; FLUORAD® FC-120, FC-430, FC-431, FC-129, and FC-135 
anionic fluorochemical surfactants; sold by Minnesota Mining & 
Manufacturing Co., St. Paul, Minnesota; DARVAN No. 1, sold by R.T. 
Vanderbih Co.; ECCOWET LF, sold by Eastern Color and Chemical; 
PETRO ULF, sold by Petro Chemical Co. Inc.; POLYTERGENT B- 
SERIES surfactant, sold by Olin Corporation; and others. Cationic and 
other surfactants may also be used, depending upon the pH and other 
characteristics of the composition. 
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[0047] Another component of the compositions of the present 

invention is an aqueous dispersing medium. The phrase, "aqueous 
dispersing medium," as used herein, includes any solvent that is from 80 to 
100% water wherein the balance of the material is a water-soluble 
composition. Typical water-soluble compositions include the low 
molecular weight alcohols, such as methanol, ethanol, and isopropanol. 
Additional solvents such as dimethylsulfoxide, tetrahydrofuran, and 
ethylene or propylene glycol may also be used. Alternatively, the aqueous 
dispersing mediimi may be 100% water. Deionized water is preferred. 
[0048] The resulting composition is a carbon dispersion that is 

capable of depositing a uniform, low resistivity coating of carbon particles 
on the non-conductive surfaces of a through hole or other nonconductive 
surface. The composition of the present invention may be used "as is," or it 
may be sold in concentrate form and then diluted up to tenfold (10:1), 
preferably up to fourfold (4:1), at the point of use. The composition may be 
diluted with an aqueous dispersing medium, which may include one or 
more of a buffer, a dispersing agent, a surfactant, or other ingredients. 
[0049] A suitable carbon dispersion, containing sub micron graphite 

and a water dispersible binding agent in amounts effective to form a 
substantially continuous, electrically conductive carbon coating on a 
suitably conditioned surface, is SHADOW® 2, sold by Electrochemicals Inc., 
Maple Plain, Minnesota. 

[0050] The carbon dispersion is applied to the non-conductive, 

conditioned substrate from a bath or by flooding in most instances, although 
roller-coating processes may also be used. A dip time of 4-6 minutes at 
90°F (32°C) is typical for a dip process, and a process time of about 20 to 
60 seconds is typical for a conveyorized process, though other times and 
temperatures may be appropriate. The carbon-coating step is carried out 
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under conditions effective to leave an excess of unbonded carbon dispersion 
on the conditioned surface. 

ADHESION PROMOTION 

[0051] The conductive coating can be formulated as described 

above to adhere directly to a non-conductive substrate, without the need for 
a separate adhesion promoter to aid the adhesion of the conductive coating. 
However, one or more adhesion-promoting ingredients can be separately 
formulated in a cleaning, conditioning, rinsing, or adhesion-promoting 
composition that is appUed to the substrate before, after, or at the same time 
as the conductive composition is used. Conditioners and binding agents 
thus can be formulated separately, instead of or in addition to putting the 
conditioners and binding agents in the conductive composition per se. 
[0052] All these adhesion-promoting methods and compositions are 

regarded to be part of the present invention, whether the adhesion promoter 
is formulated and appUed with the conductive composition or in a separate 
composition. 

[0053] The adhesion promoter can be applied in a dip or 

conveyorized process, within the scope of the present invention. 

FDONG 

[0054] An optional treatment according to the present invention is 

fixing the conductive coating. After contacting the substrate with a carbon 
dispersion and before drying it according to the present process, one may 
employ a fixing step. The fixing step is important in the treatment of 
printed circuit boards, since it makes the carbon dispersion more workable. 
Suitable fixing agents and fixing methods not involving the application of a 
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fixing agent are described in the United States patent applications to which 
priority is claimed in this document. 

[0055] Fixing may be accomplished in at least two different ways, 

referred to here as the chemical fixing method and the physical fixing 
method. 

[0056] The chemical fixing method can be carried out by applying a 

fixing solution to the surfaces that have been wetted by the carbon 
dispersion. The fixing solution removes excessive carbon composition 
deposits, and thus smooths the carbon coating on the recess surfaces by 
eliminating lumps and by making the coating more uniform. 
[0057] In the chemical fixing step, the fixing solution may be water, 

an aliphatic or aromatic solvent, or a dilute aqueous acid, salt, or other 
solute. If water is used, the water desirably is warm (120-140°F, 49-60°C) 
to effect fixing. Many dilute solutions are capable of fixing the bound 
carbon at room temperature or warmer. Fixing is typically accomplished by 
a 30-60 second exposure of the carbon coating to the fixing solution. 
[0058] Typical acid fixing solutions include dilute aqueous solutions 

containing firom 0.1 - 5% by volume of an acid. Convenient acids usefiil 
herein include mineral acids, such as hydrochloric, phosphoric, nitric, or 
sulfiiric acid. Organic carboxylic acids, such as acetic acid, citric acid, 
fumaric acid, oxalic acid, and others may also be used. A specifically 
contemplated fixing solution is a dilute aqueous solution of sulfiiric acid, 
such as an aqueous solution containing 0.1 - 2% sulfiiric acid by volume. 
Acidic fixing solutions that contain less than 0.1% acid may require some 
heat to effect fixing within the typical 30 - 60 second exposure. 
[0059] An acid fixing bath contemplated for use herein contains 

sufficient acid to provide a pH of fi-om about 0.01-6, altematively from 
about 0.1 to about 4, altematively about 0.7, which may be provided by 
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using from about 0.1 to about 0.5% by volume of concentrated sulfuric acid 
in deionized water. The normality of the acid may be from 0.07N to 0.1 7N, 
altematively from O.OIN to l.ON, altematively from O.OOIN to 5N. The 
bath may be used at room temperature (for example, about 70°F or 20°C), 
or altematively at from about 125° to about 135°F (from about 52° to about 
57°C). 

[0060] Other fixing solutions are also contemplated herein. 

Exemplary fixing solutions are described in U.S. Serial No. 08/975,613, 
filed November 21, 1997, now pending, which has been incorporated by 
reference above. 

[0061] The fixing step may be carried out in a vertical process in 

about 30-60 sec at 130°F (54°C), in one embodiment. The fixing step may 
also be carried out by using flooding or spraying processes, particularly in a 
horizontal or conveyorized embodiment. 

[0062] In the physical fixing method, the recesses or other 

substrates, which have been wetted with the carbon dispersion, are 
subjected to a mechanical force that removes excess deposits of the carbon 
coating before it is dried. The mechanical force may be applied in a wide 
variety of ways, within the scope of the present invention. 
[0063] One contemplated embodiment of this mechanical force is 

the action of a fluid jet contacting the surfaces that have been coated with 
the carbon dispersion. In a more specific embodiment, a fluid jet of air or 
another gas is directed through the recesses or against the surfaces that have 
been treated with the carbon dispersion. The jet blows away any excess 
accumulation of the carbon deposit, and particularly any occlusions of the 
carbon dispersion, which can in some instances block through holes or other 
recesses. 
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[0064] In a practical printed wiring board fabrication line, the air jet 

can be provided in the form of an "air knife" — a curtain of moving air. The 
curtain is formed of air or another gas traveling perpendicular to the surface 
of the wiring board, through which the wiring board is passed to blow out 
the recesses and thus fix the carbon dispersion. The air pressures 
contemplated for use in an air knife process are typically 3-4 psi - 2-3 
N/cm^ ~ or more broadly fi-om less than 3 psi (2 N/cm^) to 30 psi (20 
N/cm^) or more. The curtain of air may also be heated, thus further 
assisting in drying the substrate. Alternatively, air from a source nominally 
at 50 psi (35 N/cm^), held at or near room temperature, can be directed 
against the printed wiring board to blow out excess material in through 
holes. 

[0065] The fixing step is typically carried out after said carbon 

dispersion contacting step, without an intervening drying step. 
[0066] Without intending to be bound by the accuracy of the present 

theory, the inventors contemplate that fixing provides one or more of the 
following benefits: 

• reducing excess deposits of the carbon dispersion, preferably providing 
substantially a monolayer of carbon particles; or 

• crosslinking the binding agent, such as a sodium carboxymethylcellulose 
or polysaccharide binding agent, of the remaining carbon coating to better 
bind the carbon to the non-conductive surface; 

• neutrahzing or crosslinking the carboxyl groups, thereby causing the 
dispersed and bound carbon particles to precipitate on the recess bore; 

• chemically bonding (or at least ionically attracting) at least some of the 
water-dispersible binding agent of the graphite dispersion to the 
conditioner film, directly or through cross-linking. 
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[0067] This fixing step is believed to selectively bond a thin layer of 

the carbon dispersion, and thus a thin conductive layer, to the film of 
conditioner aheady on the substrate. It is particularly contemplated that this 
binding will occur if the conditioner contains a polyamide epichlorohydrin 
resin, the carbon coating dispersion contains a polysaccharide binding agent 
or other material reactive with a polyamide epichlorohydrin resin, and the 
fixing step is carried out using an aqueous acid solution that provides low- 
pH conditions. 

[0068] It is surprising that a crosslinked coating of this nature can 

improve adhesion of the coating without interfering with microetching. 

DRYING 

[0069] After the carbon dispersion is applied and fixed, the carbon- 

coated portion of the substrate typically is dried, thus depositing a dry 
carbon coating on the substrate. Drying is understood to more fully 
crosslink the carbon coating, as well. 

[0070] The substrate may be dried in an oven. Drying may be 

accomplished by using heated air (in the fixing step or later), by employing 
heat lamps, microwave energy, or other radiant, conductive, or convective 
heat sources; by application of ultrasound; by simple air drying at ambient 
temperature; or by other drying techniques. A skilled person is readily able 
to devise an appropriate method of drying the substrate. Typical drying 
conditions might be oven-drying for 15 to 18 minutes at 140° to 180°F (60- 
82°C). The method described in U.S. Patent No. 5,139,642 may also be 
employed. 

[0071] The resulting dry, electrically conductive coating is 

essentially free of lumpiness and voids. 
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MICROETCHING 

[0072] When the recesses of printed wiring boards are being 

prepared for plating, the boards normally are already copper clad. The 
typical processes for treating the non-conductive surfaces incidentally 
contact the copper-clad surfaces with the various recess treating reagents, 
including the carbon dispersion. It commonly is desirable to remove the 
carbon dispersion coating and other residues from the already copper-clad 
surfaces of the printed wiring board before the recesses of the board are 
electroplated. One such removal process contemplated here is called 
microetching. 

[00731 Microetching is carried out by exposing the carbon-coated 

printed wiring board to an etchant which removes a slight amount of copper 
from the copper clad surfaces of the substrate, without removing enough of 
the carbon coating on the non-copper-clad surfaces to destroy its 
conductivity. The carbon coating typically is sufficiently porous to allow 
the underlying copper layer to be attacked. When the underlying surface to 
which the carbon deposit adheres is microetched, the carbon deposit flakes 
away from the copper-clad surfaces while remaining intact in non-copper- 
clad areas, such as the recess walls. 

[0074] Microetching compositions are conventionally used in 

connection with carbon dispersion coating processes. One example of a 

known formulation is bath 9 described in column 17, lines 19-28, of U.S. 

Patent No. 5,139,642, which is incorporated here by reference. 

[0075] Microetching compositions may be deployed by dipping the 

substrate in a microetch bath or by spraying the substrate with a microetch 

composition. 

[0076] After microetching, the substrate is preferably rinsed to 

remove residual flakes of carbon and to maintain the integrity of the 
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subsequent reagents. The rinse may be carried out by immersing the 
substrate in a bath, by spray rinsing the substrate, or otherwise. 
[0077] The result of microetching is that the originally copper clad 

surfaces are freed of the carbon deposit, while the non-metalUc, originally 
nonconductive walls retain the deposit and thus remain conductive. The 
copper-clad surfaces thus can form low-resistance connections with the 
plating electrodes when the recesses are electroplated. 
[0078] Microetching can be problematic when the through holes or 

vias to be microetched have a high aspect ratio, or when the copper or other 
metal conductive surface on the through hole or via is thin. In these 
situations, the present invention provides particularly advantageous 
microetching results. The use of a cleaner/conditioner according to the 
present invention is contemplated to improve the adhesion of the carbon 
coating, and makes microetching more successful imder these difficult 
conditions. 

DRYING 

[0079] After microetching, the conductive substrate is commonly 

dried before electroplating. Drying may again be carried out in any of the 
conventional ways known to those skilled in the art, such as those described 
previously. 

PROCESS LINES 

[0080] The present process can be carried out in a variety of 

equipment. Two common types of equipment are vertical or dip process 
equipment, in which the reagents are in stationary baths into which the 
vertically-disposed boards are sequentially dipped, and conveyorized or 
horizontal equipment in which the boards are flooded or sprayed with the 
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respective reagents while disposed and traveling substantially horizontally. 
Either type of equipment, or any combination of the two types of 
equipment, may be used within the scope of the present invention. 
Ultrasonic energy may be used in the process baths to improve 
performance. 

ELECTROPLATING 

[0081] Electroplating may be carried out essentially conventionally. 

The electroplating processes described below and other processes known to 
those skilled in the art, including the particular process employed in U.S. 
Patent No. 5,139,642, from col. 17, line 43, to column 18, line 5, may be 
used. 

RESULT OF PLATING PROCESS 

[0082] When the plating process is complete, the deposited plating 

is substantially continuous, essentially without voids, and resistant to 
puUaway (which resembles a blister in the plating) and other adhesion 
defects, even when the most severe thermal shock tests are performed. The 
plating optionally can be coated with molten solder, forming a soldered 
continuous metal layer that is substantially free of voids and puUaway. 
[0083] The process can be carried out under conditions effective to 

provide an electrically conductive carbon coating having an electrical 
resistivity of less than about 1000 ohms, alternatively less than lower 
resistivity levels provided in the docxmients previously incorporated by 
reference. 
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PRINTED WIRING BOARDS 

[0084] The present invention allows the manufacture of printed 

wiring boards having conductive recesses. Such boards are made by 
applying any of the compositions described above to a printed wiring board, 
optionally having one or more recesses, in accordance with any of the 
methods described above. The printed wiring board may have more than 
one conductive coating, but preferably has a single coating provided by a 
one-pass coating process, which provides the recesses with adequate 
conductivity for electroplating. This printed wiring board is then 
electroplated to provide a printed wiring board having copper clad recesses. 
[0085] The present process may be used with a wide variety of 

different technologies for printed wiring board fabrication, and in many 
other processes for electroplating originally nonconductive substrates. 
[0086] In conventional printed wiring board fabrication, through 

holes (holes extending through a printed wiring board from one side to the 
other) or vias (blind holes) are drilled into a metal-clad non-conductive 
board, and the present method is used to provide a conductive coating on 
the non-conductive through hole or via walls. 

[0087] The present method can also be used to fabricate printed 

wiring boards using other technology. For example, in photoimageable 
dielectric (PID) fabrication, isolated conductive regions such as circuit lines 
are formed on a printed wiring board, then covered with an imageable 
dielectric coating which is selectively etched away to once again expose 
selected portions of the isolated conductors which are to be connected by 
interconnects. Interconnects are formed by applying the present 
composition to the surface of the imaged dielectric coating, then 
electroplating the coated surface with copper to provide a copper 
interconnect. 
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[0088] In resin-coated copper technology, an imaged copper 

interlayer is covered with a resin dielectric which is then cut with a laser or 
plasma cutting tool, providing very small diameter (currently as small as 
0.75 mil) vias having nonconductive resin walls. These walls can be made 
conductive, facilitating electroplating to provide interconnects, by applying 
a coating of a conductive carbon composition according to the present 
invention. The inventors contemplate that this process can be used without 
microetching, which is an advantage because the metallic floors of small- 
diameter recesses made as described here are difficult to reach with 
microetching solution. If microetching is used, it can be used more 
successfully for these small-diameter recesses, according to the present 
invention. This process also has an advantage over electroless copper 
technology, as electroless copper chemicals can form gas bubbles which can 
occlude small-diameter vias or recesses. The present compositions 
preferably do not generate gas. 

[0089] The present invention can also be used to make an entirely 

nonconductive surface electrically conductive, as when no conductive 
portions at all are initially present. In this instance, microetching is 
unnecessary, as no preexisting metal conductors are covered when the 
carbon composition is appUed. 

RESISTANCE MEASUREMENTS 

[0090] The resistance of a printed wiring board that has been treated 

to make selected surfaces conductive is measured as an indication of the 
amount of time that will be required to electroplate the coated siu"faces. The 
lower the resistance, the more rapidly electroplating can proceed. The 
resistance of the through holes of a double-sided circuit board is 
conventionally measured by measuring the resistance between the two 
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metal-clad surfaces on opposite ends of the through holes. Thus, one 
through-hole resistance value is obtained for an entire printed wiring board 
before electroplating proceeds. 

[0091] A single printed wiring board commonly has many through 

holes of varying diameters. The number of through holes depends upon the 
size of the circuit board and the particular circuit it will carry. For example, 
a typical 18 inch by 24 inch (46 cm by 61 cm) board may have 3000 holes 
with diameters varying from about 6 mils (0.15 mm) to about 0.25 inch (6 
mm). Also, a board may have a thickness of from about 1 mil (25 microns) 
to about 0.25 inch (6 mm.). 

[0092] Multiple through holes create parallel conductive paths, so 

the net resistance of all the through holes on the board is less than the 
resistance of one through hole. The more electrically interconnected 
through holes there are, the lower the resistance, other things being equal. 
The diameter of the through hole determines the cross-sectional area of its 
conductive surface, so a larger diameter through hole has a lower resistance 
than a smaller diameter through hole, other things being equal. The 
thickness of the board determines the length of each conductive through 
hole. The thicker the board, the longer each through hole and the higher its 
resistance, other things being equal. 

[0093] Finally, "other things" are not equal, so even if the number 

and dimensions of the through holes are known, the resistance of each 
through hole cannot be directly calculated with any accuracy. Different 
through holes on the same board may have different coating thickness, the 
coating is applied on an irregular bore surface, fluid circulation in a bath to 
the various holes is different, and so forth. 

[0094] One can also determine the resistance of a single through 

hole. This can be done in at least two ways. One way is to coat the through 
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hole of a coupon (a sample of metal-clad printed wiring board material 
which is not intended to be used in a circuit) or an actual printed wiring 
board which has only a single through hole, so the resistance of the board is 
the same as the resistance of that through hole. A second way is to isolate 
one through hole electrically by severing the cladding which links other 
through holes to the through hole that is being measured for resistivity. 
Thus, where the resistance of a through hole is given in this specification or 
in the claims, the resistance of a single through hole in electrical isolation, 
measured before electroplating, is meant. 

[0095] Notwithstanding these many variations, the industry 

commonly draws conclusions about the conductivity of the through holes 
from a single resistance measurement per printed wiring board. For 
example, the 18 by 24 inch (46 by 61 cm) board referred to previously, 
coated with the preferred graphite composition according to the present 
invention in one pass, commonly has a resistivity of about one ohm through 
its through holes, which rises to about 10 ohms after microetching. The 
same board coated using the commercially available two-pass 
BLACKHOLE carbon black process has resistivitieis more than ten times as 
great, and sometimes 50 to 70 times as great, as those of the preferred 
graphite composition. Thus, where the resistance of a printed wiring board 
is given in this specification or in the claims, or if a resistance is given 
without specifying the manner of measurement, this single measurement, 
made prior to electroplating, is meant. Of course, if two boards have 
identical numbers, patterns, and sizes of through holes, the resistances of 
the entire boards can be directly compared to obtain useful results. 
[0096] Extending resistance measurements to vias, whether drilled, 

laser cut, or otherwise formed, the same principles generally apply. Where a 
printed wiring board or other substrate has isolated metallic conductors 
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bridged by a carbon composition of the present invention, the resistance 
between the isolated metallic conductors can be measured to determine the 
conductivity improvement resulting from application of the present 
conductive carbon compositions. 

[0097] When the present invention is used to improve the through 

hole or via conductivity of an entire printed wiring board, the board has an 
electrical resistivity of less than about 1000 ohms, optionally less than about 
600 ohms, optionally less than about 400 ohms, optionally less than about 
250 ohms, optionally less than about 80 ohms, optionally less than about 60 
ohms, optionally less than about 30 ohms, optionally less than about 10 
ohms, optionally less than about 2 ohms, optionally less than about 1 ohm, 
each measured prior to electroplating the through hole. 
[0098] When the present invention is used to improve the 

conductivity of an individual through hole, the treated through hole has an 
electrical resistivity of less than about 5000 ohms, optionally less than about 
1000 ohms, optionally less than about 600 ohms, optionally less than about 
400 ohms, optionally less than about 250 ohms, optionally less than about 
80 ohms, optionally less than about 60 ohms, optionally less than about 30 
ohms, optionally less than about 10 ohms, each measured prior to 
electroplating the through hole. 
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COATING UNIFORMITY DETERMINATION 

[0099] A thin, uniform coating of the carbon composition on the 

through holes is important so the plating which is deposited on the coating 
will not suffer from puUaway, particularly when subjected to the thermal 
shock of soldering. The fixing step is important to provide the necessary 
uniform, thin coating. 

[0100] The inventors contemplate that the coating ideally will be 

nearly as thin as the diameters of the dispersed particles of carbon, so it will 
form a monolayer of carbon particles. For example, a composition 
containing one-micron mean diameter particles would provide a film on the 
order of one micron thick. More particularly, the inventors contemplate a 
coating of from about one to about three microns thick. Thinner coatings 
are acceptable until the coating becomes so thin that complete coverage is 
not obtainable. 

[0101] The inventors contemplate that coatings more than about 3 

microns thick will start to present problems. Pullaway (a place where the 
plating delaminates) becomes more probable in this thickness range. A 
region of the coating as thick as about 7 microns is contemplated to be less 
desirable, while a coating of about 12 microns is contemplated to be still 
less desirable. When part of the coating becomes as thick as roughly 7 
microns, it becomes visible when a 200 power (200X magnification) 
microscope is used to examine the plated through hole. Thus, another 
definition of the appropriate coating thickness is a coating which is too thin 
to see in a plated through hole cross-section under a 200 power microscope. 
Thus, an electrically conductive coating at most about 12 microns thick, 
altematively at most about 7 microns thick, alternatively at most about 3 
microns thick is contemplated. 
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[0102] The degree of uniformity of the coating is sometimes 

expressed quahtatively by reporting that the coating in question exhibits, or 
is free of, lumpiness or locahzed areas having a thick coating of the carbon 
coating. Lumpiness (if present) typically is foimd at the entrance or exit of 
a through hole (i.e. at the comers of a rectangular cross-section of a 
cylindrical hole), and is manifested as visible (under a SOX microscope) 
non-uniform areas of plating projecting inwardly from the plane defined by 
the wall of the through hole bore. Expressed another way, a plated through 
hole bore is free of lumpiness if the plating appears to be a straight line 
down each side of the through hole connecting the conductive cladding at 
each end of the hole, when viewed in cross-section at 50x magnification. 
[0103] The following example is provided to describe a specific 

embodiment of the invention and to demonstrate how it works. By 
providing this specific example, the inventors do not limit the scope of the 
invention. The full scope of the invention is all the subject matter defined 
by the claims concluding this specification, and equivalents thereof. 
Additional examples and details respecting the practice of the invention 
may be found in U.S. Patent No. 5,690,805. That text is incorporated by 
reference in the present disclosure. 

EXAMPLE 

[0104] This example is carried out on printed wiring board coupons 

to provide conductive vias and through holes. The following compositions 
and equipment are set up for this purpose. 

[0105] A cleaner/conditioner working solution was prepared 

containing, per liter: 

Monoethanolamine 2.4 - 24 g/L 

SANDOLEC CF* 1.25 - 12.5 g/L 
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NEODOL91-8^ 0.6-60g/L 

CALLAWAY 6818^ 7.5 - 75 g/L 

Ethylene glycol 0.07 - 0.7 g/L 

VERSENEIOO 0.1 -1.0 g/L 

Deionized Water To 1 liter 

^ Registered trademark for polyamidoamine sold by Clariant 

Corp., Charlotte, North Carolina 
^ Registered trademark for the condensation product of C9 - 

Cn linear alcohol with 8 moles of ethylene oxide, sold by 

Shell Chemical Company. 
■^Registered trademark for polyamide epichlorohydrin resin 

available from Callaway Chemical Co., Columbus, Georgia. 
^ Registered trademark for tetrasodium EDTA, sold by 

Dow Chemical Company, Midland, Michigan. 

[0106] SHADOW® 2 was used as the conductive carbon dispersion; 

it contains graphite as the source of carbon and a proprietary polysaccharide 
as a binder. SHADOW 2 is commercially available from Electrochemicals 
Inc, Maple Plain, Minnesota. 

[0107] To provide a chemical fixing solution, sixteen ml. of 

concentrated sulfiiric acid were added to a sufficient volume of DI water to 
avoid splattering and then diluted to 4 liters. 



LINE MAKEUP FOR GRAPHITE PROCESS 

1) Working Cleaner/Conditioner at 135°F (57°C) for 3 minutes. 

2) Rinse: DI water at room temperature (about 70°F or 21°C) 
(abbreviated "RT") for 1 minute. 

3) Graphite composition: SHADOW® 2, diluted to 
recommended use concentration, at room temperature for five 
minutes. 

4) Fixer: at 135°F (57°C) for 30 seconds. 



Express Mail No. EV 327682544 US 



Docket No. 10059US10 



5) Rinse: tap water at room temperature, 30 sec. 

6) Oven Dry for 1 5 minutes, at 1 90°F (88°C). 

7) Microetch: 150 g of sodium persulfate and 10 ml of sulfuric 
acid per liter of aqueous solution, at room temperature for 1 
minute. 

8) Rinse: deionized water at room temperature for 1 minute. 

9) Acid Cleaner: formulation 17A (Electrochemicals Inc.) at 
120°F(49°C) for 3 minutes. 

10) Rinse: deionized water at room temperature for 1 minute. 

11) Acid treatment: aqueous sulfiiric acid (10% v/v) at room 
temperature for 30 seconds. 

12) Acid Copper electroplating solution: Electrochemicals PC 667 
at room temperature for 10 minutes. 

13) Rinse: deionized water at room temperature for 1 minute. 

14) Oven Dry for 5 minutes, at 195°F (9rC). 

[0108] The processed coupons (plated for ten minutes, per step 12 

above) are evaluated by backlight and graded on a scale of 1-10, with 10 
being the best result. The selected fixer formulations and the resulting 
resistivity (measured between the drying step 5 and the microetch step 6 of 
the process) and backlight scores for room temperature fixing and for fixing 
at 135°F (57°C) are measured and found commercially suitable. 
[0109] The incidence of defects was measured for these examples 

by using the Hot Oil Test. The Hot Oil Test has been devised to measure 
the proportion of through holes which release visible gas when immersed in 
a body of essentially non-volatile Uquid held at an elevated temperature 
substantially exceeding the boiling temperature of water. The gas may be 
water vapor, air or other gases. The test is carried out much like the hot oil 
test described and illustrated in F.H. Howie and C. Lea, Blowholing in PTH 
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Solder Fillets, Part 2, The Nature, Origin and Evolution Of The Gas, 
Circuit World, Vol. 12 No. 4 (1986) (see, e.g., Fig. 8 and the 
accompanying text on that page and the following two pages, particularly 
notes 3 and 5). 

[0110] In the present Hot Oil Test, two-inch (5 cm) square coupons, 

each having 70 plated through holes, were prepared according to the present 
invention or a control, then electroplated. Each coupon was immersed in a 
hot oil bath and viewed via a video camera, which provided an enlarged 
image of the coupon on a monitor. The presence or absence of gas bubbles 
under the test conditions was noted for each through hole. The test was 
scored by counting the number of outgassing through holes, multiplying 
that number by 100%/70 holes, and reporting the total as a percent. In the 
Hot Oil Test, the percentage result reported represents the incidence of 
defects; a lower result indicates fewer defects, thus better performance. The 
following results were obtained: 



# 


Ultrasonic in Cleaner/Conditioner? 


Hot Oil Test 
(Duplicate runs) 


A 


No 


25% 


49% 


B 


Yes (5 minutes, in cleaner/conditioner bath) 


11% 


15% 



[0111] The above table shows that when the cleaner/conditioner was 

agitated by ultrasonic energy, in part B of the test, the hot oil test provided 
much better results. 

[0112] Thus, the present invention includes as one embodiment 

intended to be claimed a method of applying an electrically conductive 
carbon coating to a non-conductive surface, including the following steps, 
in any operative order: 
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A. providing a substrate having at least one non-conductive 
surface portion; 

B. contacting at least the nonconductive surface portion with a 
conditioning agent including an amomit of a cationic substantive 
conditioner effective to deposit a film of the conditioner on the 
nonconductive surface portion, thereby forming a conditioned 
surface; 

C. contacting the conditioned surface with a carbon dispersion; 
and 

D. fixing the electrically conductive coating on the conditioned 
surface by applying an aqueous acid to the electrically conductive 
coating. 

The carbon dispersion can include electrically conductive carbon having a 
mean particle size no greater than about 50 microns, and a water dispersible 
binding agent. 

[0113] Application of the carbon dispersion to the nonconductive 

surface portion forms a substantially continuous, electrically conductive 
carbon coating on the conditioned surface. The carbon and the binding 
agent are present in amounts effective to provide an electrically conductive 
coating when the composition is applied to the conditioned surface. 
[0114] In alternative embodiments, the cationic substantive 

conditioner can be a polyamide epichlorohydrin resin. The aqueous acid 
can be a crosslinking agent for the water dispersible binding agent. The 
fixing step can be carried out after the carbon dispersion contacting step, 
without an intervening drying step. 

[0115] In still other ahemative embodiments, the carbon dispersion 

includes fi-om about 1% to about 7% by weight of electrically conductive 
carbon. The carbon can include graphite. The graphite can have a mean 
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particle size no greater than about 1 micron. The method can be carried out 
under conditions effective to provide an electrically conductive carbon 
coating having an electrical resistivity of less than about 1000 ohms. 
[0116] In yet other alternative embodiments, the binding agent can 

include a polysaccharide, for example, a starch or an alkaU metal 
carboxymethylcellulose. 

[0117] In still other alternative embodiments, the electrically 

conductive coating can be dried on the previously nonconductive surface. 
The electrically conductive coating can be at most about 12 microns thick, 
or at most about 7 microns thick, or at most about 3 microns thick. The 
electrically conductive coating can be essentially free of lumpiness and 
voids. 

[0118] In other altemative embodiments, the method further 

includes the step of electroplating a substantially continuous metal layer 
over the electrically conductive coating. The continuous metal layer can be 
further coated with solder, forming a soldered continuous metal layer that is 
substantially free of voids and puUaway. 

[0119] Yet another ahemative embodiment of the invention is a 

printed wiring board including at least two conductive circuit layers 
separated by nonconductive material; at least one recess in the 
nonconductive material defined by a nonconductive surface intersecting at 
least two of the conductive circuit layers; and an electrically conductive 
coating on the nonconductive surface. The coating can include electrically 
conductive carbon having a mean particle size within the range from about 
0.05 to about 50 microns and a water-dispersible organic binding agent. The 
coating conducts electrical current between the two conductive circuit 
layers and accepts electroplating to provide a surface at least substantially 
free of visible voids. 
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